Most elliptical galaxies contain central black holes (BHs), and most also contain significant amounts of hot gas capable of accreting on to the central BH due to cooling times short compared to the Hubble time. Why therefore do we not see AGNs at the center of most elliptical galaxies rather than in only (at most) a few per cent of them? We propose here the simple idea that feedback from accretion events heats the ambient gas retarding subsequent infall, in a follow up of papers by Binney & Tabor (1995, BT95) and Ciotti & Ostriker (1997, CO97). Even small amounts of accretion on a central BH can cause the release of enough energy to reverse the inflow. In this context, we present a new class of 1D hydrodynamical evolutionary sequences for the gas flows in elliptical galaxies with a massive central BH. The model galaxies are constrained to lie on the Fundamental Plane of elliptical galaxies, and are surrounded by variable amounts of dark matter. Two source terms operate: mass loss from evolving stars, and a secularly declining heating by type Ia supernovae (SNIa). Like the previous models investigated by Ciotti et al. (1991, CDPR) these new models can evolve up to three consecutive evolutionary stages: the wind, outflow, and inflow phases. At this point the presence of the BH alters dramatically the subsequent evolution, because of the energy emitted due to the accreting gas flow. The effect of the Compton heating and cooling, of the hydrogen and helium photoionization heating, and of the bremsstrahlung recycling on the gas flow are investigated by numerical integration of the nonstationary equations of hydrodynamics, in the simplifying assumption of spherical symmetry, and for various values of the accretion efficiency.
followed by a long period in which the mass loss from the stellar population replenishes the galaxy, and after a new cooling catastrophe another accretion event takes place. In this case high accretion rates characterize the BH evolution, but the total mass accreted by the BH is very small. For low efficiency values, the luminosity evolution is still characterized by strong intermitancies but the number of global degassing events is considerably reduced, and for very low efficiency values it completely disappears. The remaining instability is then concentrated in the central galactic regions. We also allow for departures from spherical symmetry by examining scenarios in which the central engine is either an ADAF or a more conventional accretion disk that is optically thick except for a polar region. The general property of highly unstable accretion remains true, with central BHs growing episodically to the mass range 10 8 − 10 9 M ⊙ (in contrast to ∆M BH > ∼ 10 10 − 10 11 M ⊙ if feedback is ignored). In all cases the duty cycle (fraction of the time that the system will be seen as an AGN) is quite small and in the range f BH ≃ 10 −4 − 2 × 10 −3 . Thus, for any reasonable value of the efficiency, the presence of a massive BH at the center of a galaxy seems to be incompatible with the presence of a long-lived cooling flow.
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Introduction
As first revealed by Einstein observations, normal (non-cD) elliptical galaxies, both isolated or belonging to groups and clusters, can be powerful X-ray sources with 0.5-4.5 keV luminosities L X ∝ L 1.8−2.2 B ranging from ∼ 10 39 to ∼ 10 42 erg s −1 , although with a large scatter of more than two orders of magnitude in L X at any fixed optical luminosity L B > 3 × 10 10 L ⊙ (Eskridge, Fabbiano, & Kim 1995) . From its spectral properties, this emission is associated with hot gaseous halos around the galaxies, and typical values are in the range M gas = 10 8 -10 11 M ⊙ (Forman et al. 1979 , Forman et al. 1985 , Canizares et al. 1987 , Fabbiano 1989 .
In order to explain this observational finding, the presence of significant amounts of gas is inferred with computed cooling times often far less than the Hubble time. Consequently, "cooling flow" models have been proposed and extensively investigated (e.g., Nulsen, Stewart, & Fabian 1984; Fabian, Nulsen, & Canizares 1984; Sarazin & White 1987 Vedder, Trester, & Canizares 1988; White & Sarazin 1991; Bertin & Toniazzo 1995 , Brighenti & Mathews 1996 . While including the essential physics these models, however, do not provide a satisfactory account of the X-ray properties of observed elliptical galaxies, as most of them are observed to be much fainter in the X-rays than the models would predict. This is specially true for homogeneous inflow models (see e.g., Sarazin & White 1988) , but serious problems are also encountered by inhomogeneous models. The other main problem of cooling flows is that they do not solve the question of where the cool gas is deposited: over a Hubble time an amount of material comparable to the mass of stars in the galactic core flows into the nucleus, while the expected distortions of the central optical surface brightness and velocity dispersion are not observed. Many possible explanations for this problem have been suggested, from local cooling instabilities to star formation biased toward very small masses, but no one seems to be easily acceptable. While the cooling included by the cooling flow models is indisputable (it is observed), the question arises as to whether heating sources within the galaxy can equal or exceed (in a time-averaged sense) the radiative heat losses so as to prevent the cooling catastrophe.
One specific possible solution to the previous problems was proposed by CDPR, who showed with numerical simulations of hot gas flows in elliptical galaxies, that the heating from SNIa could be effective in maintaining low luminosity galaxies in a wind phase over an Hubble time (and so preventing the gas from accumulating in the centre). Nevertheless the most massive galaxies would still experience a central cooling catastrophe, leading to a situation similar to a standard cooling flow. The scenario does permit one to account in a natural way both for the correlation and the data dispersion in the L X -L B plane. In any case, however, even in this scenario it seems to be unavoidable that massive galaxies sooner or later develop a cooling-flow phase, with accretion of significant amounts of gas in their center.
From another point of view, it is a well established fact that many early-type galaxies show a clear nuclear activity, and according to the standard interpretation of the AGN phenomenon, a massive BH is at its origin (see, e.g., Rees 1984) . In fact, there is increasing evidence of the presence of massive BHs at the center of most (if not all) elliptical galaxies (see, e.g., Harms et al. 1994 , van der Marel et al. 1997 , Richstone 1998 , Magorrian et al. 1998 ). Moreover, a strong dependence of the global X-ray emission of early type galaxies on the slope of their inner (optical) surface brightness profiles has been found (Pellegrini 1999) . Thus it is natural to ask what we can expect from the interaction of a galactic gas inflow with a massive central BH. Two recent papers considered the simple effect of the gravitational field of a central BH on the density and temperature profile of cooling flow models (Quataert & Narayan 1999 , Brighenti & Mathews 1999 .
BT95 explored this problem assuming a release of mechanical energy in the central regions of the galaxy, due to the interaction between a nuclear jet produced by the accretion and the surrounding ISM, which approach was suggested by the optically thin status of the ISM itself, as computed by the authors with the aid of a simple analytical model. They indicated the circumstances under which the central energy release might impede or reverse the infall.
As will be shown in this paper, the gas over the body of the galaxy is really optically thin, but nevertheless the effect of energy exchange between the emitted nuclear radiation and the gas flow is dramatic. This effect was studied for the accretion on a BH by Ostriker and co-workers (Ostriker et al. 1976 , Cowie et al. 1978 ) and these authors clearly showed how the effect of the Compton heating can be more important than the momentum transfer itself in driving instabilities in the accreting flow. In this context we explore in detail, by numerical integration of the the fully non-stationary equations of hydrodynamics, the modifications on the results of CDPR, assuming the presence at the galaxy center of a massive black hole with initial mass M BH = 10 8 M ⊙ . A summary of the main features of this new class of models is given in CO97.
An introductory and very simple analysis of this problem can be obtained in a semi-analytical way. For an accretion rateṀ BH on the BH, the emitted luminosity can be easily estimated L BH = 5.67 × 10 46 ǫṀ BH erg s −1
( 1) whereṀ BH is in M ⊙ yr −1 , and ǫ is the accretion efficiency, with 10 −3 < ∼ ǫ < ∼ 10 −1 (see equation [9] ). It is natural to compare this number with the energy required to steadily extract from the galactic potential well the gas lost by the evolving stellar population at a rateṀ * :
L grav = 5.67 × 10
• * (U * * + U * h R) erg s −1 .
In equation (2)Ṁ * is expressed in M ⊙ yr −1 , the galaxy central velocity dispersion σ • * is in unit of 300 km s −1 , and R = M h /M * is the ratio between the dark matter halo mass and the total stellar mass. The dimensionless functions U * * and U * h depend on the relative density distributions of the galaxy stellar component and of the dark matter halo, and are of the of order of unity.
The ratio between these two luminosities is then given by:
where t 15 is the age in 15 Gyr units, and the stellar mass losses have been expressed as function of the present galaxy blue luminosity (in
(see Section 2.1 for a detailed description). Numerical simulations shows that a normal elliptical in the inflow phase can accrete at a rate ∼ 1M ⊙ yr −1 or higher (accretion rates of tens or hundreds solar masses per year are common when inflow are established at early times in giant ellipticals, see, e.g., CDPR): assuming this value as an estimate forṀ BH , it is immediatly realized that the energy emitted by accretion can easily be orders of magnitude larger than that formally required to interrupt the cooling flow, even assuming very low efficiency values. Note that this simple energetic argument predicts a greater effect of L BH on the gas flows hosted by small galaxies with respect to those on giant ellipticals; a decrease of the dark matter content goes in the same sense. From the first formula at the r.h.s. of the equation above it is also clear that, at early times, more energy is required to extract the gas from the galaxy potential well, but this is compensated by the same fact that more gas is available. If we assume (erroneously) a stationary situation, where the producedṀ * is accreted on the center, then the second expression in the equation above is obtained, again showing the importance of the radiation emitted in the galactic energy budget.
Obviously, the true situation is by far more complicated. In fact, three main questions arise about the reliability of equation (3). The first concerns how much of L BH is actually trapped by the galactic gas and so effectively available for its heating: it is clear indeed that for extremely low opacities, the effective energetic balance would be unable to produce a global degassing, although strong instabilities may occur. For the moment we will take as a minimal estimate of the absorption that due to the inverse Compton effect, inelastic scattering of the ISM electrons interacting with the high energy photons emitted by the central BH.
We estimate the expected gas opacity using a density profile representative of the inflow models computed in CDPR, n(r) = n 0 /(1 + r 2 /r 2 gas ) b/2 . Defining ∆L BH to be the fraction of the accretion luminosity emitted at the galaxy center that interacts with the galactic hot gaseous halo, from equation (A10) we obtain
having for simplicity assumed a gas temperature T much lower than the temperature T X associated with the spectral distribution of L BH (see equation [10] ), r gas = 300 pc, and b = 2. For example, for n 0 = 10 2 cm −3 (a common density value in the central regions of cooling flows, see, e.g., CDPR), and T X = 10 9 K 3 , we find a total absorption of 3 × 10 −3 , in accordance with that given by BT95. So, combining equations (3) and (4), we see that we can expect major degassing or strong intermittencies in the accretion (and in the coronal L X evolution as well) when
One can easily imagine situations so that the r.h.s. of equation above is as low as 10 6 K or as high as 10 9 K. This shows at once that the emitted radiation is effective in producing a strong feedback on the accretion flow, but that numerical simulations are needed in order to understand the flow evolution in specific cases. Note here that, for a given value ofṀ BH the absorption of energy in the ambient gas is proportional to both the efficiency, ǫ, and the Compton temperature T X . Thus, so long as T X >> T gas all that matters is the product ǫT X and we will be free, in the work that follows to imagine T X reduced by a factor of ten and ǫ increased by the same factor. We will test this scaling in Section 4.2.4.
A more complex situation than that described above may however arise, namely the fact that the accretion happens onto an accretion disk, and so it may be that much of the emitted radiation is funneled into a small solid angle so that it is not seen by the inflowing gas, i.e., the assumption of spherical symmetry is qualitatively in error. As a consequence, only a fraction of the surrounding galactic hot gas can see the emitted radiation. We have to remember, hovewer, that the nearly isotropic Thomson scattering on the electrons can back-heat the galactic gas. One can estimate the order of magnitude of this effect reducing ∆L BH as given in equation (4) by a fiducial factor 1 − exp(−τ ) ≃ τ , where τ = σ T ∞ 0 n e (r)dr and only the back-scattered radiation is permitted to heat the ISM. Allowing for this further reduction in the efficiency of the Compton pre-heating on the gas flows and using the same figures as above for the gas distribution, one finds τ = πσ T n 0 r gas /4 ≃ 0.05, and so the lower temperature limit increases by a factor of 20. A reasonable interval of T X seems to be still available to produce at least strong intermittencies in the gas flow.
The second problem with a naive use of equation (3) is the fact that the balance between the cooling and the heating of the gas in the central galactic regions can be determinant for the flow evolution. In fact it is important to stress that ∆L BH /L grav > 1 is only necessary for a global galaxy degassing: if the gas is able to radiate efficiently the absorbed energy (perhaps as low energy photons), then it is plausible that only a more or less strong perturbations of the flow in the inner galactic regions will result as a consequence of the accretion. However, a simple estimate of the radiating efficiency of galactic gas flows can be obtained directly from observations. The brightest observed X-ray galaxies are characterized by luminosities L X < ∼ 10 42 erg s −1 , and we take this as an upper limit for the gas flows radiating efficiency. This is well below L BH predicted by equation (1), and so the cooling time is longer than the heating time during the most intense accretion events.
The third problem with equation (3) is that it gives the order of magnitude of the steady power necessary to expell the gas. On the contrary, it is known that Compton heating can produce strong intermittencies on accretion flows: what is the effect of a strong but impulsive heating on galactic inflows? Only numerical simulations can possibly answer these questions. In any case, from this preliminary and very simple analysis, we can expect that the presence of a massive BH at the galaxy centre will be very significant in modifying the gas flow.
The paper is organized as follows. In Section II we describe in detail the models and the input physics, in Section III we briefly describe the equations of the problem and the numerical code used for their integration. In Section IV we describe the numerical results for various choices of the parameters, corresponding to various physical assumptions. Finally in Section VI we discuss the results and their implications.
The Model

The Galaxy Model
The density distribution of the galaxy models have the same profile as in CDPR, in order to maintains continuity with this previous work and so appreciate better the effect of introducing the feedback of the central BH on the gas flows. A detailed description of how their parameters are fixed in order to reproduce galaxies following the Fundamental Plane relation is given in CDPR.
The stars are distributed following a truncated King profile (King 1972) 
where ρ * • is the central stellar density, r c * is the galactic core radius, and η = r/r c * . This distribution is truncated at the tidal radius r t = δr c * to give a finite galaxy mass. In all the explored models we fix δ = 180. The dark matter halo is described by a quasi-isothermal distribution,
where β ≡ r ch /r c * , ρ h• is the central dark matter density and the tidal radius r t is assumed to be the same as for the stellar distribution. We define two other dimensionless parameters, namely the ratio between the central densities γ ≡ ρ h• /ρ * • , and the ratio between the total masses
The stellar mass loss rate and the SNIa rate are the main evolving ingredients of these models, and again for an extensive discussion we refer to CDPR. Here it is sufficient to recall that in the code the stellar mass losses -the source of fuel for the activity of the BH -follow the exact prescriptions of the stellar population syntesys, but for quick calculations the approximatioṅ M * (t) ≃ 1.5 × 10 −11 L B t −1.3 15 M ⊙ yr −1 can be used, where as before L B is the present galaxy blue luminosity in L ⊙ . The quantity entering the hydrodynamical calculations is not directlẏ M * , but the specific rate of mass return α * =Ṁ * /M * . The SNIa rate is parameterized as R SN (t) = 0.88 × 10 −12 h 2 ϑ SN L B t −s 15 yr −1 , where h = H • /100 km s −1 Mpc −1 . When ϑ SN = 1 and t 15 = 1 the standard SNIa Tammann's rate is recovered (Tammann 1982) ; we use h = 1/2. Assuming for each supernova event an energy release in the ISM of 10 51 erg s −1 , the energy input per unit time over all the galaxy body is then given by
Besides energy, supernovae provide also mass. We assume that each SNIa ejects 1.4M ⊙ of material in the ISM, and so the total specific rate of mass return becomes α = α * + α SN , with
The Central BH
At the onset of the cooling catastrophe a flow of gas is suddenly accreted by the BH, and this produces a burst of energy from the galaxy center. The instantaneous bolometric luminosity associated with the accretion is:
whereṀ BH -the accretion rate on the BH -is assumed to be positive if the flow is accreting, and ǫ is the accretion efficiency, usually spanning the range 0.001 < ∼ ǫ < ∼ 0.1. A fundamental ingredient in the correct treatment of the interaction between the galactic gas flow and the radiation L BH is its (normalized) frequency distribution given by
where x = ν/ν T , ν T = m e c 2 /h is the Thomson frequency, hν b =1 MeV is the spectrum break energy, and finally ξ 1 = 0.5 and ξ 2 = 0.7; these values are consistent with the observed spectral indices of X-ray emission spectra of QSOs and Seyfert 1 galaxies (see, e.g., Lu & Yu 1999) . From the adopted spectral distribution given by equation (10) the Compton temperature is T X ≃ 10 9 K (see Appendix A). As noted earlier, we can approximately scale results obtained with this T X to a lower value with corresponding increase in ǫ.
The main effect of the emitted radiation on the galactic gas flows considered in our simulations is the Compton heating (and cooling) of the gas: this is due directly to the central radiation source and indirectly to the recycling of the bremsstrahlung radiation produced by the gas heated to very high temperatures by the BH activity. We consider also the effect of the photoionization in changing the cooling function at low temperatures, and finally the heating of cold gas due to the photoionization of hydrogen and helium. At each radius the opacity of the gas to the Compton heating is calculated, using for the electrons the Klein-Nishina cross-section. Obviously, photons do not exchange only energy with the gas, but also momentum, and this leads to the introduction in the momentum equation of hydrodynamics of an effective gravitational field, that for L BH greater than the Eddington luminosity can revert the velocity of the gas flow. The treatment used to describe numerically all these physical phenomena is given in Appendix A.
A Numerical Estimate of L BH
A very serious problem is represented by the treatment of L BH (t), a function of the physical quantities that are necessarily defined only at finite distance from the galaxy center far from the Schwarzschild radius of the BH. A physically correct boundary condition would be to have some grid points inside the radius R X where the potential energy of the gas due to the presence of the BH equals the thermal energy of the gas associated with the Compton heating characteristic temperature T X . A simple calculation shows that
a very small scale length when compared to the galactic size; moreover the associated time scale is t x = R X /v X , where v 2 X = GM BH /R X , and so
of the order of ten years for a for M BH = 10 8 M ⊙ . Clearly these figures prevent the possibility of simulating the gas flow from inside R X to hundreds of kpc and over time scales of Gyrs. The problem becomes even worse during the flaring activity: numerical models, in which we calculated the evolution of the gas flow in a region extending up to few parsecs from the BH, and in which 10 grid points are contained inside R X , frequently show that the Courant time and the heating time become of the order of the day, unequivocally forbidding any attempt of a global numerical simulation extending to all the characteristic temporal and spatial scales. In a subsequent paper we investigate at very high (spatial and temporal) resolution the gas flow close to the BH, i.e., we give a complementary analysis of the problem investigated in this paper, on time scales of the order of years and less. Here we are interested in the behavior of the gas flow on galactic scales and over times of Gyrs, and we believe we have captured with our description the macroscopic properties of the evolution.
Having excluded the possibility of a direct approach, we circumvent the problem of obtaining in a consistent way L BH (t) from the hydrodynamical quantities at the first grid point exploring two limiting cases for the description of the accretion. In the first case, that we call instantaneous accretion, after a time delay equal to the free-fall time from the first grid point, the inflowing gas is accreted from the BH and disappears in the central sink. For the adopted galaxy model t ff can be easily computed for r < r c * :
where D = 3M BH /2πρ * • (1 + γ)r 3 . The integral can be evaluated explicitly in terms of elliptic functions, and equals π/2 for D = 0 and π/3 for D = 1. For D → ∞ the integral is asymptotic to π/2 √ D.
In the second case, which we call smoothed accretion, we mimic the presence of an accretion disk around the BH, where the fuel is stored during the inflow phases and subsequently released on the BH. In our spherically symmetric models, this complex phenomenon is simply simulated introducing the accretion time, t accr , in which the gas from the accretion disk disappears in the BH. With this assumption a given amount of gas that crosses the first grid point at the time t is not accreted instantaneously at t + t ff but with an exponential decay of characteristic time t accr . For example, in the α-disks, t accr = O(t orb /α), where t orb is the orbital time at that radius (Shakura & Sunyaev 1973) . In our case we parametrize the accretion as t accr = κt x . Obviously for a fixed efficiency and for a given quantity of accreted mass the energy released in the two scenarios is the same, and so the luminosity produced by the smoothed accretion is lower but emitted over a longer time (a few t accr ). What may be the effect of a smoothed accretion on a short time-scale is not hard to imagine: in fact, it is natural to expect a reduced effect on the gas flow with respect to the instantaneous accretion model with the same efficiency ǫ. In other words, we expect something similar to a reduction of the effective efficiency. Over longer time-scales a guess on the gas behavior is not so simple. As stressed above, from the reduction of L BH one could expect the flow becoming more similar to that with istantaneous accretion and smaller ǫ, i.e., a more uniform flaring activity possibly without a major galactic degassing. But it is also true that after few t accr , the energy emitted is the same as in the case of the instantaneous accretion. This smoother energy release over a longer time could produce a stronger tendency to global degassing. Only numerical simulations can answer which of these two competing effects will finally dominate. The method used for the numerical computation of L BH (t) in the case of t accr > 0 is described in Appendix B.
The Hydrodynamical Equations
As in CDPR, the evolution of the galactic gas flows is obtained integrating the time-dependent Eulerian equations of hydrodynamics with source terms:
where ρ, m, and E are respectively the gas mass, momentum and internal energy density, and v is the gas velocity. The ratio of the specific heats is γ = 5/3, and g eff (r) is the effective acceleration experienced by the gas, considering the effect of the radiation field (see Appendix A). E • = 3k B T • /2µm p is the injection energy per unit mass, where
is the gas injection temperature, that describes the heating of the gas by the thermalization of the SNIa blast waves and of the stellar mass losses due to their relative motion with respect of the ISM. T SN is obtained as in CDPR, while the injection temperature due to the stellar random motions T * (r) = µm p σ 2 * (r)/k B is increased near the galaxy center with respect to the models discussed in CDPR, due to the the presence of the BH. The radial behavior of the stellar velocity dispersion can be explicitly found for the King density distribution by solving the Jeans equation:
where for simplicity we assumed global isotropy of the velocity dispersion tensor. The first term on the r.h.s. of equation (13) is the velocity dispersion without the BH (see, e.g., . In the energy equation L r is the cooling function, modified to allow for the ionizing effects of L BH on the cold gas, and the total heating function is
, L ph describes the effect of the photoionization heating on hydrogen and helium, and finally L Br describes the effect of recycling the bremsstrahlung radiation emitted from the inner part of the galaxy on the external part of the gas flow. A detailed discussion of the heating and cooling functions is given in Appendix A.
The numerical engine of the code is essentially the same as in CDPR, i.e., a first order, eulerian up-wind scheme (van Leer 1977), on which several gestures towards second order accuracy are implemented. In the computation of galaxy models the grid has 120 zones and extends up to 500 kpc. In order to obtain an acceptable spatial resolution in the inner regions a geometrical progression for the mesh size is adopted. At the outer boundary the usual outflow conditions are assumed. The first active grid point for the discussed models is placed at 20 pc from the galaxy center, and this, at variance with what was done by BT95, is an active grid point, in the sense that the fluid velocity is self-determined by the flow and by the heating during the flare activity, and not imposed as a boundary condition. Some models were run with higher resolution, i.e., with the first active grid placed at 10, 5, or 2 pc from the center, obtaining a good qualitative agreement of the resulting evolution with that obtained with the larger grid.
The sink of the hydrodynamical quantities due to the BH is simulated by removing inside the first grid point the equivalent quantity of density, momentum, and energy that disappears during the accretion events. We assume the model galaxies to be initially devoid of gas, i.e., ρ(r) = 0 for t = 0. This is certainly a simplification of the real physical situation in the early evolutionary stages of elliptical galaxies, when intense star formation takes place. In this way only the gas originated by stellar mass loss is actually considered. Our initial condition ρ(r) = 0 is therefore equivalent to assume that galactic winds are established by SN activity (mainly type II), early in the evolution of elliptical galaxies. The choice of the time-step is determined by the five characteristic time-scales related to different aspects of the problem: the Courant time t C , the cooling time t r = E/L r , the density source time t d = ρ/|ρ|, the heating time t h = E/L h , and finally the free-fall time from the first grid point, t ff . The numerical time-step is taken to be some specified fraction (usually 0.5) of the minimum of the previous times computed over the integration grid, and the equations are integrated using the time-splitting method.
The Results
In this Section we present the results of the simulation of the gas flow for our Reference Model (RM), a model similar to model KRM discussed in CDPR. For this model we adopt L B = 5 × 10 10 L ⊙ and σ • * = 280 km s −1 , obtaining from the FP relation R e = 4.2 kpc (and so r c * = 350 pc, see CDPR). The dark matter halo is characterized by R = 7.8 and γ = 1.25 × 10 −2 from which β = 4.2. The BH accretion efficiency is assumed to be ǫ = 0.1, and for the SNIa parameters we adopt (ϑ SN , s) = (2/3, 1.5), a choice for which initially there is ample SN heating to sustain a supersonic wind. The accretion mechanism adopted for this model is instantaneous accretion, and the free-fall time from the first grid point (20 pc) is t ff ≃ 1.5 × 10 5 yr. In Table 1 all the model parameters, together with the derived quantities, are reported (model #1). Above it, we show the properties of model #0, which is identical to the RM #1, except that all feedback is turned off; the assumed efficiency is ǫ = 0.
In the following Subsections we will explore the changes in the characteristics of the evolution decreasing the efficiency ǫ from the reference value (0.1) to 0.01 and 0.001, anticipating the time t cc of the global cooling catastrophe increasing the the dark-halo mass or decreasing the SNIa rate, and finally mimicking in a qualitative way the effect of the presence of an ADAF solution or optically thick accretion disk in the galaxy center.
The Evolution of the RM
A common characteristic of all models discussed in this paper is obviously their similarity with the analogous models described by CDPR up to t cc , a substantial central activity starting only after the onset of the cooling catastrophe. For this reason here we do not describe in detail the flow evolution before t cc , which the interested reader can find in CDPR, the three main phases of wind, outflow, and inflow are exaustively discussed. In this paper we concentrate instead on the evolutive phases for t > t cc , discussing the previous evolution only where necessary to understand the new results presented.
In Fig.1ab the time evolution of the mass budget of the RM is shown, sampled at time intervals of 1 Myr. More specifically, in Fig.1a the dotted line represents the mass of gas M gas (t) in solar masses contained inside the galaxy truncation radius r t = δr c * = 63 kpc, and the solid line the mass accreted on the BH, M sink . In Fig.1b , the rates of variation of various masses are shown, all in solar masses per year: the dotted line represents the mass return from the stellar populationṀ * , the dashed line the rate of mass loss at the tidal radiusṀ out = 4πr 2 t ρ(r t )v(r t ), and the solid lines is the accretion rate on the BH,Ṁ BH . The temporal evolution of these quantities is easily understood. During the early wind phase the flow is characterized by supersonic outward velocities driven by SNIa heating, and more gas is lost at r t than produced inside the galaxy by the stellar population. The wind phase ends due to the decreasing of the specific heating, that smoothly leads to the outflow phase, i.e., to a subsonic degassing. However, a time comes when the outflow velocity has decreased so much that the internal gas density begins to rise, in spite of the continuing decrease inṀ * . Correspondingly, the total amount of gas inside the galaxy reaches a minimum precisely when the rate of mass loss from the galaxy drops below the rate of injection of fresh gasṀ * . In the RM this minimum is reached at ∼ 5 Gyr, as can be clearly seen in Fig.1a .
In Fig.1c the flow evolution is seen from an energetic point of view: the short-dashed and long-dashed lines are respectively the power supplied to the gas by the SNIa explosions (L SN , equation [8] ), and the power required to steadily extract from the galaxy potential well the gas lost by the evolving stellar population (L grav , equation [2] ). The solid line represents the coronal X-ray luminosity of the gas, L X , that would be observed in the 0.5-4.5 keV range. Note how up to t cc the time evolution of L X follows strictly that of the gas mass inside the galaxy. Superimposed is the luminosity produced by the accretion, as given by equation (1).
Returning to a discussion of the gas flow we see that, as more and more gas builds up inside the galaxy its central density rises, the radiative losses become increasingly more important, a smaller fraction of the SNIa heating is left to drive the flow, and in turn the flow deceleration causes a faster increase of the gas density. Inevitably, a moment comes when, at the center, the heating rate drops below the cooling rate, and a central cooling catastrophe suddenly reverses the direction of the flow in the inner region of the galaxy: the transition to an inflow regime is virtually instantaneous. In the models described in CDPR this phase was called inflow, and after this point the evolution of their models is smooth, as can be seen in Fig.2 , where L X (t) of a model identical to the RM but without the central BH is shown (dotted line, model #0 in Table  1 ) superimposed to that of the RM (solid line). The value of the time averaged X-ray luminosity < L X > is slightly below 10 41 erg s −1 , comparable with typical observed X-ray bright ellipticals (see Table 2 ). In comparison, model #0 (without feedback) has an average luminosity of 10 42 erg s −1 , considerably above observed sources.
For the specific choice of parameters made for the RM, the cooling catastrophe happens at t cc ≃ 9 Gyr, when negative infall velocities appear near the center, and rapidly exceed ∼ 100 km s −1 at a few hundreds pc away from it. From this time onwards the flow evolution is substantially altered by the presence of the BH with respect to the models discussed in CDPR. Immediately after t cc an accretion rate ofṀ BH > ∼ 100 M ⊙ yr −1 is established, as can be seen from Fig.1b (and its time expansion in Fig.3a) . The accretion on the BH produces a strong energetic feedback, the gas in the central regions of the galaxy is heated by the emitted radiation approximately to the Compton temperature T X , and as a consequence it starts to expand and its density decreases of orders of magnitude. The effect of this strong heating near the BH is a correspondingly strong reduction of the gas radiative losses, and the accretion on the BH suddenly stops: only after a local cooling can the next accretion event take place, and the cycle re-starts. When the amount of accreted gas is sufficient, a strong shock wave finally reaches the galactic tidal radius, reducing dramatically the amount of the total gas present inside the galaxy. Only after the time required for the stellar mass losses to replace the gas lost, can the gas density increase sufficiently for the radiative losses to become again important over galactic scales and produce a new cooling catastrophe. During brief periods the central BH emits in the range 10 46 > ∼ L X /erg s −1 > ∼ 10 45 , compatible with typical AGN luminosities.
The described evolution can be followed from a local point of view in Fig.1d , where the evolution of the gas (number) density (dotted line) and temperature (solid line) at the inner active grid point (20 pc) is shown. All the discussed phases can be easily recognized: particularly note howṀ out soon after each accretion event overcomesṀ * , so decreasing the total amount of gas inside the galaxy. From Fig.1a one can also note how the total amount of mass which has been accumulated by the BH after 15 Gyr is relatively low and compatible with typical luminous AGN, only ∼ 10 8 M ⊙ : on the contrary, the same model without the central BH, whose L X is represented in Fig.2 with the dotted line, at t = 15 Gyr had accumulated in its central regions more than ≃ 1.5 × 10 10 M ⊙ of gas, more than observed in any purported central BH.
As in the case of the evolutionary phases preceeding the cooling catastrophe, namely the wind and the outflow phases, also during the AGN-like phases the coronal X-ray emission of the gaseous halo follows the evolution of the mass of the gas inside the galaxy, as can be seen in Fig.1c , where the solid line is L X . The dotted line in the same figure is L BH , and it is interesting to observe how L X and L BH are anti-correlated: during the accretion phases the total luminosity is completely dominated by the nuclearly concentrated L BH , on the contrary during the quiescent BH phases the galaxy emission is due only to the hot gas L X , and so it is diffuse as observed in X-ray elliptical galaxies. As a consequence, the luminosity evolution of the RM is composed by two spatially and temporally complementary phases, characterizing the two different flow regimes: one, very short, in which the total luminosity is dominated by the central activity, and another, much longer, dominated by the coronal gas diffuse luminosity. Observationally, we would identify one phase with AGNs and the other with nascent cooling flows.
The temporal evolution of L X is shown in Fig.2 (solid line) where one see also its large excursion (even more than a factor of 100) from immediately after the nuclear bursts compared with before the accretion events. A very important parameter characterizing the different phases of the galaxy luminosity evolution is the duty cycle f BH of the central engine, that we (quantitatively) define as 4
For the RM, we found f BH ≃ 10 −4 ; thus this model would be seen as an AGN for only a very small fraction of the Hubble time.
A final comment on the global L X evolution is in order to stress how an intrinsic mechanism able to produce a large scatter in the diffuse X-ray luminosity of ellipticals is naturally available when a strongly discontinuous nuclear activity is present: statistically the X-ray observations can catch L X in any point of its variation, and this variation, as can be clearly seen in Fig.2 , can be as high as the variation accounted by the wind and outflow phases! So, our model may be the natural explanation of the scatter in the L B -L X plane (see CO97 for a quantitative discussion of this point).
We move now to describe the small-scale temporal evolution of the accretion events. In fact, as can be seen from Fig.1 , each burst shows a rich temporal sub-structure that is interesting to discuss in greater detail.
In Fig.3abc we plot the temporal expansions of the corresponding panels in Fig.1bcd , sampling the represented quantities at time intervals of 10 4 yr. In Fig.3a the instantaneous accretion rate is shown, and its sub-structure is apparent: these short-time intermittencies, of increasing intensity, are due to reflected shock waves in the inner regions of the galaxy that carry fresh gas to the BH. After many of these precursors a larger amount of gas is finally accreted, and the galaxy can effectively lose a significative fraction of his gaseous halo, with ejection velocities at r t of the order of 100 km s −1 or more. The relative role of cooling and heating is apparent in Fig.3c .
As already pointed out in the Introduction, we considered in our simulations the effect of the gas opacity and photoionization heating. For the RM it turns out that the fraction of L BH trapped by the hot gas around the galaxy never exceeds 10 −2 , and many times reaches values as low as 10 −4 , confirming the estimates obtained in the Introduction and by BT95. We conclude that the gas is always optically thin, but nevertheless we performed all simulations using the correct treatment for the opacity. Moreover, the same model with and without photoionization heating (as well as all models we explored) produced essentially the same evolution. We collect in Table 1 the relevant overall properties of the RM solution (model #1), to be compared with variant models. Comparison between model #0 and the others shown makes clear that a feedback effective efficiency even as low as ǫτ = 10 −3 × 10 −3 = 10 −6 , is enough to radically change the outcome from the zero feedback case.
Exploring the Parameter Space
We move now to comment on some models in which the basic parameters (efficiency, dark matter amount, SNIa rate, Compton temperature) are changed with respect to the RM. Actually, we computed many more models than those discussed in the following, but those presented can be considered a representative set of the various kind of evolution we found.
Reducing the Efficiency
In this Section we describe the effects on the RM gas flow assuming now ǫ = 0.01 and ǫ = 0.001 (labelled models #2 and #3). These two models are also explored in the scenario of istantanous accretion. The evolution for t < t cc is the same already discussed, and so we start our description directly at t = t cc , expecting that a reduction in the efficiency will lead to a flow evolution in which the probability of major degassing events is reduced if not impossible. As discussed in the Introduction this does not also mean that the central, short-time bursts disappear: on the contrary, it is possible that now a greater fraction of the flow evolutionary time is spent at high L BH , with the consequent increase of f BH .
For ǫ = 0.01 (model #2), the model evolution is qualitatively similar to the RM, as can be seen from the value of the various quantities given in Table 1 . Note that the total mass accreted by the BH has increased now to 3.1 × 10 8 M ⊙ , due to the lower efficiency that produces a weaker feedback on the gas flow for the same mass accretion rate.
The same trend is also shown by model #3, where ǫ = 0.001: in fact, at 15 Gyr the BH mass is increased by ∼ 4.3 × 10 8 M ⊙ , and more bursts are present. For what concerns the BH duty cycle, we found f BH = 2.7 × 10 −4 and f BH = 3.8 × 10 −4 , for model #2 and #3, respectively. However, notwithstanding these differences, the temporal structure of the luminosity evolution of these three models remains qualitatively the same, as can be seen comparing the three panels in Fig.4 , where the energetic of models #1,2,3 is shown. Even for these two latter models the total fraction of trapped L BH in the hot gas remains very low during all the evolution, with values in the range 10 −4 − 10 −3 . Relevant overall properties of models #2 and #3 are displayed in Table  1 . Especially to be noted is the relatively small range in the mean gas X-ray luminosity < L X >. As the efficiency is reduced by two orders of magnitude < L X > increases from 7.6 × 10 40 erg s −1 to 1.5 × 10 41 erg s −1 , all values far below the no feedback value of ≃ 10 42 erg s −1 (model #0, see Table 2 ).
Early Cooling Catastrophe: Increasing the Dark Matter Content
In this Section we describe the results obtained for the evolution of three models correspondingly identical to models #1,2,3 in their stellar amount and accretion efficiencies (ǫ = 0.1 in model #4, ǫ = 0.01 in model #5, and ǫ = 0.001 in model #6), but in which the dark matter to visibile matter mass ratio is increased from 7.8 to 10, in order to obtain an earlier cooling catastrophe. As a consequence, t cc decreases from ∼ 9 Gyr to ∼ 4.2 Gyr.
In the three models, the luminosity evolution is of the same type of that presented by the RM, but the central energy bursts are much more frequent (see Fig.5 ). This is a direct cosequence of the fact that now the galaxy potential well is deeper with respect to that of the RM, as qualitatively shown by equation (3); moreover, as in models with reduced efficiency described in Section 4.2.1, the probability of major degassing events is reduced if not impossible. Thus, the total mass accreted by the BH in these models is higher than in the corresponding cases with less massive dark haloes: in fact, we found values of 5.8 × 10 8 M ⊙ , 7.0 × 10 8 M ⊙ , and 6.9 × 10 8 , for models #4,5,6, respectively. Note however that a model without feedback and identical in all other properties to models #4,5,6, accretes on its central BH ∆M BH = 2.5 × 10 10 M ⊙ over an Hubble time. The same comment applies to the duty cycle, for which we found f BH = 2.1 × 10 −4 , 2.6 × 10 −4 , and 2.5 × 10 −4 , for models #4,5,6, respectively. It is interesting to note that the model presenting the strongest tendency towards global degassing is not model #4 (the model with the higher efficiency), but model #5 (with ǫ = 0.01). This is also the model that accreates more mass, and with the higher duty-cycle. Relevant overall properties of these models are displayed in Table  1 .
Early Cooling Catastrophe: Reducing the SNIa Rate
One of the main objections raised against the scenario proposed in CDPR is the claimed detection of low iron abundance in the ISM of ellipticals. In fact, under the assumption of solar abundance ratios, the analysis of the available data suggests a very low iron abundance, consistent with no SNIa's enrichment, and even lower than that of the stellar component (see, e.g., Ohashi et al. 1990 , Awaki et al. 1991 , Ikebe et al. 1992 , Serlemitsos et al. 1993 , Loewenstein et al. 1994 , Arimoto et al. 1997 , Matsumoto et al. 1997 ). However, some authors have found that more complex multi-temperature models with a higher abundance give a better fit to the data (Kim et al. 1996 , Buote & Fabian 1998 . This is rather puzzling, in that a value as high as one fourth of the standard Tammann (1982) rate R SN = 0.22 SNU (for H 0 = 50 km s −1 Mpc −1 , see Section 2.1) agrees with the current optical estimates of the present day SNIa rate (Cappellaro et al. 1997 ). Several models have been calculated with this new rate (Pellegrini & Ciotti 1998 , D'Ercole & Ciotti 1998 , resulting in the main features of the CDPR scenario being preserved, provided the amount of dark matter is properly scaled down. Prompted by this fact, we also present three models (models #7,8,9) in all identical to models #1,2,3, except for the fact that now ϑ SN = 1/4 instead of 2/3 (see equation [8] ). Moreover, we also computed three more models identical to models #7,8,9, but with the ratio between the dark matter halo mass to stellar mass reduced from 7.8 to 3 (models #10,11,12).
With the reduction in the SNIa heating, the cooling catastrophe happens now at t cc = 0.25 Gyr. For the three explored efficiencies, the effects on the temporal behavior of the bursts are dramatic: the separation between the long phases of quiet evolution and the short bursts with rich temporal sub-structures chracterizing the RM is practically disappeared, and only a very strong BH activity is present, with some intervals during which a more global degassing is approached. Very few and short outgassing events are still present, but the time between successive major accretions is substantially reduced. This is shown in the upper panel of Fig.6 , where the luminosities are plotted in the representative time interval from 9 Gyr to 9.5 Gyr, for model #7 (ǫ = 0.1): because of this the qualitative aspect of the evolution of the flow remains of this kind over all the evolution for the three models.
As stressed above, the temporal sub-structure of the accretion is maintained, i.e., the accretion is still locally unstable. This fact is rich in consequences, the most important of which is the increase of duty cycle, with respect to models with "late" cooling catastrophe: in fact, now f BH = 1.5 × 10 −3 , 1.8 × 10 −3 , and 1.6 × 10 −3 for models #7,8,9. Moreover, the total mass accreted by the BH in these three models is 3.5 × 10 9 M ⊙ , 4.9 × 10 9 M ⊙ , and 5 × 10 9 , respectively, substantially higher than in the models previously presented. For comparison, we computed also the mass accreted on the central BH by an identical model with ǫ = 0, and we found ∆M BH ≃ 2.5 × 10 11 M ⊙ , even higher (as expected) than our first computed no feedback model #0.
The behavior of models #10,11,12 is very similar, and their relevant properties are listed in Table 1 ; again, for the corresponding model with ǫ = 0, it turns out that ∆M BH ≃ 1.1 × 10 11 M ⊙ . From the values reported in Table 1 one can see how the decrease of the ratio M h /M * (maintaining all other model parameters fixed) produces a reduction of the total mass accreted by the BH (cfr. also models #1,2,3 with #4,5,6). As illustration, the luminosity evolution of model #10 is shown in Fig.6 (middle panel). 
Reducing T X
As anticipated in the Introduction, a simple argument suggest that models with constant ǫT X should behave in the same way, so long as T X >> T gas . In order to test quantitatively this prediction we computed a few models with the Compton temperature reduced by a factor of 10: models #1r and #2r are derived from models #1,2 assuming T X = 10 8 K, and in model #1rr T X = 5 × 10 7 K. The resulting evolution is very similar to that of previous models, so that even substantial reductions of the Compton temperature produce a strongly unstable evolution. The overall properties of these models are presented in Table 1 . The first apparent result is that, as expected, the central BH of each "temperature reduced" model accretes more mass than the corresponding "hotter" model. However, the scaling is not perfect. This is due to the complex nature of accretion. In fact, as discussed in Section 4.1, each accretion event is made of two different dynamical phases. In the first, the accretion is determined by the cooling of gas, and the scaling argument perfectly applies. The second phase, (where a substantial fraction of the gas is actually accreated) is characterized by many accretion events (with a substantially lower accretion rates) originated by reflected shock waves propagating in the central region of the galaxy. After the first, cooling dominated accretion event, the gas temperature in the central regions of the galaxy can reach values as high as 10 9 K, and so the scaling argument no longer applies rigorously. For example, computing the mean accretion gas temperature at the first grid point (20 pc) for a complete accretion event in model #1r we found
Moreover, approximately 2 per cent of the total mass accreted by the central BH in the accretion event is at temperature higher than T X , i.e., in Compton cooling regime. This explain the seamingly counterintuive result that the total mass accreted by these models with reduced T X decrease with decreasing efficiency, at variance with all the other models: obviously the effect of Compton cooling is stronger for the higher efficiency models. In any case, the main features of all the other models are retained: the time spent by the galaxy in a AGN state is still very small, the accreted mass is low, and the time averaged < L X > is substantially lower than that of model #0 (see Table 2 ).
Non-Spherical Accretion: ADAF and Optically Thick Accretion Disks
The assumption of spherical symmetry adopted in our models is certainly not realistic for an accurate modelling of the accretion phenomenon. This is specially true near the BH, where, in the case of a non-zero angular momentum, the gas can be stored in an accretion disk, and then smoothly released with some characteristic time scale on the BH. Another interesting possibility recently suggested is the so-called Advection Dominated Accretion Flow (see, e.g., NY95), where the resulting efficiency can be very low, due to nature of the solution (radiation from relatively low density gas, see Park & Ostriker, 1999 , and references therein). Certainly the answer to this problem can be obtained only using at least a 2D numerical code (in the interior parts of the flow), but despite this obvious limitation, we believe that some very simple numerical experiments can be of some real interest. In fact, given the relatively low specific angular momentum assumed in the ADAF solutions, they would be quite spherical in the domain explored by our simulations (r ≥ 20 pc). Thus our computations plausibly represents the feeding (outer boundary condition) for the ADAF models.
ADAF
We start by presenting the results of a simulation in all ways similar to the RM, but where we replaced the central engine with the mildly unspherical ADAF solution. Following NY95, we modify L BH as
where we use α = 0.3 andṁ ≡ ǫc 2Ṁ BH /L Edd . At low accretion rates the effective efficiency is proportional to ǫṁ in the ADAF solution as it is in the equivalent spherical case (Shapiro 1973 , Park & Ostriker 1998 but it limits out to ǫ for highṁ. Model #13 is analogous to model #1, i.e., ǫ = 0.1, as assumed by NY95. The resulting evolution of this model is characterized, quite surprisingly, by a more effective degassing than that showed by the RM. In fact in this case, when the accretion starts, the central BH is less reactive than in the analogous RM, due to the effect of the modulating factor in the equation above. As discussed in Section 2.3, this allows a larger quantity of gas to be accreted in any single burst, and as a consequence a stronger effect on the galactic gas flows (see Fig.7, upper panel) . The total mass accreted by this model is 2.1 × 10 8 M ⊙ , and its duty cycle is f BH = 1.2 × 10 −4 . Two more models with the central ADAF, but with the efficiency reduced to ǫ = 0.01 (model #14) and ǫ = 0.001 (model #15), show a reduced tendency towards global degassing. Their duty cycle is now f BH = 1.3 × 10 −3 for model #12 and f BH = 3.3 × 10 −3 for model #13, and, correspondingly, the total mass accreted by the BH is 4.4 × 10 9 M ⊙ and 2 × 10 10 M ⊙ . Their luminosity evolution is shown in Fig.7 (middle and lower panel, respectively) . Again, the reduction of ǫ produces dramatic consequence on the model evolution, but the flow is still strongly unstable.
Thus, while we stress again the fact that the models here presented can give at best a qualitative understanding of the gas evolution in galaxies, we note that there are compelling evidences that ADAF solutions, at least when residing in galactic cooling flows, are unstable to Compton pre-heating. Since the duty cycle is invariably very low, the ADAF ("AGN") flow would be seen only a small fraction of the time, perhaps providing a viable solution to the problem of the apparent lack of QSO activity in most ellipticals.
Optically Thick Accretion Disks
Finally we turn to a substantially different case. To look at a maximally non spherical inner solution we consider the possible presence of physically thin, optically thick accretion disk. Two effects are considered here: the first is the fact that now a substantial fraction of the emitted luminosity L BH can be shielded by the disk and thus emitted in only a narrow cone emanating from the central BH, and, second, the modulation in the accretion due to the storage of the gas in the accretion disk will alter the temporal behavior. As discussed in the Introduction, we model the effect of the disk on the gas heating computing at each time step the Thomson opacity τ of the galactic ISM, and then allowing only the back-scattered fraction, 1 − exp(−τ ), of L BH to be thermalized. As described in Section 2.3, the second effect is characterized by the introduction of the parameter t accr = κt x , which prescribes the rate of the fuel release from the disk to the BH. The detailed description of how this release is modeled in the code is given in Appendix B. In these models ǫ = 0.1, as is commonly assumed in accretion disks.
The two models here presented are structurally identical to the RM, and are evolved adopting t accr = 10 2 t x ≃ 10 3 yr, and t accr = 10 4 t x ≃ 10 5 yr (models #16 and #17, respectively). The resulting evolution was quite insensitive to the exact value of t accr , but very much affected by the reduction of the effective Compton heating. In fact, altough strong variability is present (see Fig.6 , lower panel, where the luminosity evolution of model #17 is shown), no major degassing events are visible. In both cases the duty cycle, the fractional time during which a quasar would be seen in the center remains small, precisely f BH ≃ 5.3 × 10 −2 and 5.4 × 10 −2 for models #16 and #17, respectively, but substantially higher than all others duty cycles listed in Table 1 . In any case, also for these models, the diffuse gas remains optically thin over all the simulation. The mean X-ray luminosity of the gas in the two models is nearly identical, i.e., < L X >≃ 3 × 10 41 erg s −1 , and the final BH mass is ≃ 1.6 × 10 9 M ⊙ . So, with this small number of models designed to investigate the possible effect of nonspherical accretion, we reached the quite counterintuitive conclusion that, albeit characterized by high efficiency, the optically thick accretion disks are less effective than ADAF solutions in expelling the gas from the galaxy potential well. However in both cases the essential results of the spherical case are retained. Only a small fraction of the ambient ISM is accreted to the center with, for the bulk of the gas, the time-averaged Compton heating balancing the radiative cooling, so that the classic global cooling flow catastrophe does not occur.
Discussion and Conclusions
In this paper we have investigated the behavior of the galactic gas flows in early type galaxies, assuming at their center the presence of a massive BH growing with the accretion of matter and affecting through feedback the inflow. The interaction of the radiation produced by the accretion with the hot, X-ray emitting gas of the halo is studied, considering the effects of Compton heating and cooling, bremsstrahlung recycling, variable ionization degree in the cooling function, hydrogen and helium photoionization heating.
The characteristics of the flow and of the resulting luminosity are studied by changing the efficiency of conversion of the accreted mass into radiation, the rate of SNIa explosions and the amount of dark matter, that determine the epoch of the cooling catastrophe. A very qualitative exploration is also performed in order to understand the effect of the presence of a physically thin, optically thick accretion disk, where the inflowing gas is stored before to be released with a characteristic time scale on the BH and radiation is emitted only in a cone, or an ADAF solution, characterized by accretion-dependent low luminosity.
The resulting evolution of the flow -and consequently of the emitted luminosities, both coronal (L X ) and central (L BH ) -is sensitive to all these parameters, but the gas flows are found invariably unstable to Compton heating, and in all cases the cooling catastrophe is avoided. Before discussing the variants let us note the properties in common to all of the models explored in this paper:
• At late epochs (comparable to the current Hubble time), all models show a type of relaxation oscillations. They spend 10 −2 − 10 −4 in an AGN state of high BH luminosity (10 45 − 10 47 erg s −1 ) with small galaxy X-ray luminosity and the bulk of the time with the AGN "turned off" and the ambient gas emitting X-rays in what would appear to be a proto-cooling phase state.
• Mass dropout and mass accreted are small compared to naive estimates based on gas mass/cooling time because the time average heat input from the central BH heating balances the gas radiative cooling.
• The central BH grows by episodic accretion into the mass range observed, 10 8.5 − 10 9.5 M ⊙ in all giant elliptical galaxies even though only ≈ 10 −3 of them will be observed in an AGN phase.
• Due to the self regulating nature of the feedback all the computed observables are relatively insensitive to the assumed efficiency (in the range investigated).
For all the computed models, of which only a small but representative sample is described in this paper, the gas opacity to L BH remains very small in any evolutionary phase, as predicted by BT95 and by our introductory analysis. Moreover, the effect of photoionization heating is found to be negligible, due to the high temperatures reached by the gas during the central bursts. The fraction of the emitted luminosity effectively absorbed by the halo gas is of the order of 10 −4 − 10 −3 , and never larger than 10 −2 .
For high efficiency values (ǫ ≃ 0.1), the flow evolves through very oscillatory phases: short bursts of accretion that last few Myrs, with a rich temporal sub-structure, and in which the radiation emitted by the central source overcomes the luminosity emitted by the coronal gas, are followed by longer periods (of the order of Gyrs) in which the BH is quiescent, and the X-ray luminosity is due only to the coronal gas. The quiescent phases are a consequence of the galaxy degassing following the strongest central accretion events, when a substantial fraction of the galaxy hot gas is lost. We note that the high metallicity (0.3 solar) seen in the intergalactic gas of typical rich clusters is strong observational evidence for significant wind and outgassing phases. The decreased gas density reduces dramatically the radiative losses, and the inflow stops. After the time required for the stellar mass loss to replenish the galaxy and so to restore the radiative losses, a new global cooling catastrophe happens, the BH re-ignites, and a cycle restarts. The maximum luminosities reached during the accretion events can be of the order of 10 47 − 10 48 erg s −1 , but the duration of the single accretions are extremely short. Correspondingly, the accretion rates can reach values as high as 10 2 M ⊙ yr −1 , but the total mass accreted by the BH at the end of the simulation is a few 10 8 M ⊙ , very low compared to the amount that the galaxy expels during the BH bursts. L X is strongly correlated with the amount of hot gas inside the galaxy, and so after a degassing event the galaxy X-ray luminosity can drop by a factor of 100 or more, and successively increase together with the gas amount inside the galaxy.
Reducing the efficiency, the time elapsed in the phases of BH activity becomes longer and longer, and for very low efficiency values the global degassing events completely disappear, leaving a continuous flickering of L BH . The values of L BH in these circumstances are still high, ∼ 10 46 at peaks, and the final mass of the BH is much higher than in case of high efficiency, reaching values as high as 10 9 M ⊙ or more.
Models in which the SNIa was decreased or the dark matter halo mass was increased, and so t cc is anticipated at early times, have been successively investigated. The differences between high and low efficiency accretion are present also for this class of models, and are essentially the same as for late times cooling catastrophe. The only quantitative differences concern the time elapsed between two successive global degassing events. In this case the time is shorter, consistently with the faster time evolution of the mass return from the stellar galactic population at early times. For these models the central BH grows to over 10 11 M ⊙ in case of absent feedback.
Two more classes of models were explored in semi-quantitative fashion, in order to explore the main effects of non-spherically symmetric accretion. In the first, we studied the effects of the presence of a physically thin, but optically thick accretion disk around the BH, where the infalling gas is stored and successively released with some time scale. The same disk funnels most of the radiation into a polar cone from which only the Thomson back-scattered component is able to Compton heat the gas. Now, with the overall efficiency reduced by a factor τ ∼ 10 −2 − 10 −1 , the solution is similar to that of low efficiency models. In these models, the major degassing events are suppressed, and only a (strong) flaring activity persists. The central BH can accrete up to nearly 10 10 M ⊙ over the Hubble time. More interesting is the case of a central ADAF. In fact, at variance with simple expectations, the accretion-dependent efficiency characterizing these solutions produces a very effective galaxy degassing.
As an important point, we would like here to point out that all the simulations confirm the simple energetic expectations worked out in the Introduction, i.e, the fact that the energetic balance in our model is critical: in fact, we found both models with global degassing and models presenting only strong instabilities in the accretion, but without major degassing events.
A delicate issue which applies to all computed models concerns the temporal structure of the sub-bursts. We sampled L BH and L X at very high temporal resolution, and we found that each sub-burst is temporally extended for several time-steps. This fact is interesting for two reasons: the first is that the sub-bursts are not numerical artifacts, produced by the time-discretization used by the numerical scheme of integration, but real phenomena of the models. The second fact is that each sub-burst extends temporally approximately over the free-fall time from the first active grid-point (Section 3.1). So, not only is this phenomenon well described numerically, but also physically, at least consistently with the adopted spatial discretization. Obviously, by reducing the grid spacing in the inner regions the permitted temporal resolution can be increased. We performed many simulations with a reduced grid spacing, and the final result was that we obtained a better and better temporal resolution of each burst, finding that each was subdivided into an increasing number of shorter sub-bursts. At the same time, the total time of each burst, the accreated mass, the emitted luminosity were in good agreement with those derived using the standard grid, and so we believe we have captured the physics of the phenomenon. In any case, it is clear that only using a grid with extremely high spatial resolution, that samples the flow well inside R X , can the substructure of a burst be studied in full detail. This kind of simulation, with several grid points inside R X and the outermost one placed at few pc, will be presented in a later work. They represent the complementary exploration to that presented in this paper, allowing a comparison with observations of AGN variability.
How can our results be interpreted in the more global context of the X-ray luminosity evolution of the bulk of elliptical galaxies? In the modeling of gas flows without a central engine, two different possibilities have been explored: in the first the SNIa heating is so low that the galaxies are not able to expel their coronal gas, and so all galaxies should host an inflow. The three main problems encountered by this scenario are that the expected X-ray luminosity is substantially higher of that observed, the related difficulty in explaining the observed scatter of L X at fixed optical luminosity, and finally the disposal of the gas that cools and accumulates in the galaxy centre in a standard cooling flow.
These problems could be partially solved in the scenario explored by CDPR, in which a time decreasing SNIa rate is sufficient to sustain a wind. They show that the observed scatter in the L B -L X plane is a direct consequence of the deepening of the galactic potential well with their luminosity, as dictated from the Fundamental Plane. This model solves also the problem of the mass accreted in the galaxy center over an Hubble time from cooling flow galaxies, being the major fraction of the gas lost by the stars ejected from the galaxies in their early wind phase, when also the mass return is higher. However, objections have been raised on the validity of this scenario, on the ground of the apparent lack of detection of a sufficient amount of iron in the ISM of some ellipticals. The SNIa are good producers of iron, and so, as explored in Renzini et al. (1993) , one would expect a strong correlation between the evolutionary scenario for galactic gas flows and the amount of iron in the parent cluster hot gas. The reliability of the measured iron abundances has been questioned, and in fact it has been shown that allowing for multitemperature fits of the X-ray data, substantially higher values for the ISM metallicity are derived. So, it is fair to say that a firm conclusion is still lacking, but the possibility of a very low SNIa rate cannot obviously be rejected: in this case the wind-outflow-inflow scenario discussed by CDPR does not apply, and the cooling flow solutions, together with their unsolved problems, would remain the only workable model. In any case, even with enhanced supernova activity, the cooling catastrophe is only delayed, not avoided, so the problems remain for massive galaxies.
Following the observational consequences that can be derived from the class of models presented in this paper, a solution to the previous problems can be obtained quite easily, mainly due to the strong and temporally discontinuous variability of L BH (t) and L X (t).
The first observational consequence of our models is that the duty cycle of the central engine, even in models unable to produce substantial global degassing events, is very low, never exceding (in all our computed models) 10 −1 and typically of order 10 −2 to 10 −3 . For high efficiency accretions this quantity can be as low as 10 −4 , and its value increases for low efficiency. The details for each model are given in Table 1 . These numbers are small, and could be an alternative explanation to that advocated by Fabian & Rees (1995) in order to explain why the nuclei of elliptical galaxies are normally not luminous sources as a result of the accretion of the hot gas by the central BH.
A second interesting aspect of the presented models is that the total mass that can be accreted on the galactic center over an Hubble time, even in the early-times cooling catastrophe scenario, is low compared to the same quantity for a pure cooling flow solution (see Table 1 ). In fact, the accreted masses are comparable to the masses observed in massive central black holes, so the feedback modulated accretion flows provide a natural way to grow black holes to the observed masses.
A third important point is the aid these models can give to the solution of the observed scatter in the L B -L X plane, even assuming an insufficient SNIa rate invalidating the CDPR models. In fact, even in this case, L X still presents large variations in its intensity (see, e.g., Fig.2 , and Table 1 ). Moreover, if the scenario proposed by CDPR applies, the resulting evolution would be more complex. Small galaxies do not experience in their life any cooling catastrophe, and their luminosity evolution would be the same as described in CDPR, with low L X and no significant nuclear activity. The nuclear activity should be already at work in many high luminosity galaxies, but the probability of catching a peak of L BH is small, of the order of a few per cent or less, as obtained from the performed numerical simulations with high efficiency. On the contrary, if the efficiency of the accretion is low, then a larger fraction of the galaxies hosting a BH at their center should be caught in a nuclear outburst. Obviously, changing the fraction of galaxies with a massive central BH, and the accretion efficiency, it should be possible to reproduce quite accurately the observed variety of phenomena.
A fourth aspect to be mentioned is the evolution of the hot gas X-ray surface brightness profiles: in fact one of the many problems of the cooling flow models is that the resulting X-ray profiles Σ X (R) are cuspy, at variance with the observations (Canizares et al. 1987) . As already pointed out by BT95 and CO97, in this new class of solutions characterized by feedback from the galactic central regions, the profiles are characterized by a well defined core, as in the case of the outflow solution of CDPR, except that during the central burst, when the Σ X shape presents many features. Obviously the total time in which the X-ray profile is so disturbed is very short compared to the galaxy evolutionary time, and for most of the time the profile will be characterized by a core.
We are well aware of the weaknesses of the present models, first of all the assumption of spherical symmetry overall, but we think that the present investigation is sufficiently promising that a more demanding effort is justified. In the real accretion phenomena non axisymmetric effects in the infalling gas are very likely to occur outside of the central regions. Also, outflows may occur in the polar directions (cfr. BT95 and Park & Ostriker 1999) as jets. The interaction between these jets and the hot gaseous halo can be investigated only with a 2D code. Another important question that requires (at least) a 2D treatment is the possibility of instabilities in the gas flow. Particularly, from our simulations it appears that a transient cold shell of material surrounds a hot central bubble during the flaring activity, especially in the case of low efficiency. This would evolve into a Rayleigh-Taylor instability for the shell, that certainly will break, permitting cold fingers of material to accrete on the BH. It is then clear that a fully 2D hydrodynamical analysis is required for a better understanding of this accretion problem. The unstable nature of the gas flows in elliptical (without central BHs) has been found by 2D numerical simulations, (D'Ercole & Ciotti 1998 , D'Ercole, Recchi, & Ciotti 1999 , especially when a substantial SNIa rate (even though not sufficient to extract the gas from the galaxy potential well) is present. In these cases, transient cold filaments forms and are accreated on the center: in case of presence of a BH the situation should evolve in a very complex way.
Another substantial problem of the presented scenario is the value of the temperature of the radiation emitted during the accretion events. While the value we adopted is similar to the values expected in ADAF solutions, it is obvious that, in case of considerably lower radiation temperature Compton cooling is expected, with a stronger tendency towards a radiation induced cooling flow, as clearly stated by Nulsen & Fabian (1999) (see Section 4.2.4). As a consequence, if this scenario applies, one should observe a still higher luminosity from the centers of elliptical galaxies (altough at low temperatures) than that predicted by the simple energetic argument presented in the Introduction. A possible solution to this problem could be a significant mass dropout from the cooling flow, well outside the galaxy center. For values of T X moderately smaller than assumed in the bulk of models presented in this paper (but larger than T gas ) one can, without further computations find the approximate solution by scaling T X down and ǫ up by the same factor.
As a final comment on the present models, it seems to us inescapable the fact that in every case the presence of a massive BH at the center of elliptical galaxies, must produce a very strong feedback on the flow itself, either of energetic nature, mainly via Compton heating as discussed in this paper, or via mechanical heating, as discussed in BT95. It is important to stress that both investigations, that given by BT95 and that presented in CO97 and in this paper, are not in opposition, but complementary, demonstrating that in the presence of a massive BH the possibility of a stationary cooling flow seems to be very remote, and it is for more likely that a global equilibrium will be achieved wherein the time-averaged heating and cooling rates are approximately in balance.
Finally, we can speculate on the physical status of the gas in rich galaxy clusters, assuming the presence of a massive BH at the center of the cD galaxy. In this case a global degassing cannot be expected, but the effect of the radiation feedback on the ICM should be still strong, and the standard cooling flow scenario modified accordingly. We point out that observations are available supporting the scenario here presented, for example strong evidence of intermittent cooling flows at the center of galaxy clusters (see, e.g., McNamara 1999) , and the failure of detection of the expected amount of cold gas in the center of clusters (Miller, Bregman & Knezek 1999) .
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A. The Input Physics
A.1. Compton Heating and Cooling
Under the assumption of spherical symmetry, the Compton heating for unit frequence is given by:
where ∆E C is the gas energy for unit volume gained (or lost) by the gas at the frequence ν and at the radius r, and ∆E γ is the energy variation of a photon of frequency ν interacting with an electron at the local gas temperature T . The number of electron scatterings is given by:
where n e (r) is the electron number density, and L BH (ν, r) is the BH luminosity at the radius r. Using the same frequency normalization that in equation (10), the Klein-Nishina cross-section is given by σ KN (x) = σ TσKN (x), with
and σ T ≃ 6.65 × 10 −25 cm 2 is the Thomson cross section (Lang 1980, p.68) . Finally, a simple approximation for the last factor in equation (A1) is:
This formula reproduces the well known relations ∆E γ ∼ 1.5k B T − m e c 2 x for relativistic photon energy (hν ≫ m e c 2 ), and ∆E γ ∼ 4k B T x − m e c 2 x 2 in the classical limit.
Transforming the temperature in internal energy one obtains:
where ∆(x, T ) = ∆E γ (ν, r)/4k B T x, and the continuity equation for the energy flux is then given by:
We speed up the numerical simulations assuming a gray absorption, i.e., at any radius
Integrating equation (A5) over all frequencies, one has:
where
and the spectral temperature is given by:
It is possible now determine the fraction of L BH absorbed by the gas integrating equation (A6) over the frequencies and eliminating the time derivative of the internal energy from equations (A6) and (A7):
Equation (A7) can be now formally integrated with respect to time, obtained an exponential solution useful for numerical computation.
A.2. Photoionization Heating
We consider three photoionization processes, one for the hydrogen and two for the helium. An equation perfectly similar to equation (A1) holds:
where ν i is the ionization frequency of HI, HeI and HeII. Moreover,
where respectively the ionization energies are (hν HI , hν HeI , hν HeII ) = (13.598, 24.587, 54.416) eV (Lang 1980, p.246) , σ i (ν) = σ i•σi (ν/ν i ) are the photoionization cross-sections, and n i (r) is the number (per unit volume) of HI, HeI, and HeII, respectively. For HI and HeII atoms in the non-relativistic regime,σ
and for HeIσ
with (σ •HI , σ •HeI , σ •HeII ) = (3.441 × 10 −16 , 7.83 × 10 −18 , 8.5992 × 10 −17 ) cm −2 , (Osterbrock 1974, p.15; Lang 1980, p.469) . For the exchanged energies we use the simple approximation ∆E γ = hν i − hν, and from this assumption three constants are derived:
with (C HI , C HeI , C HeII ) = (1.55 × 10 −6 , 2.99 × 10 −4 , 3.09 × 10 −6 ). Summing the rates for the three processes we finally obtain:
A.3. Bremsstrahlung Recycling
The luminosity emitted per unit volume and per unit frequence over the solid angle by bremsstrahlung radiation from a gas at temperature T (r) and atomic number Z i , is given bẏ
and after integration over the frequence the total bremsstrahlung luminosity is obtained: (Lang 1980, pp.46-48) . From the previous two equations one can obtains the spectral distribution of the bremsstrahlung radiation:
The equation for the energy transfer is analogous to equation (A1), where now:
The total luminosity emitted by bremsstrahlung inside the region of radius r is given by:
In order to speed up the computation we use also for the bremsstrahlung emission the approximation of gray atmosphere and g ff /g = 1. In this case, after integration over the frequency, we obtain:
where, using eqs. (A4)-(A19), and defining t(r ′ ) = k B T (r ′ )/m e c 2 :
A.4. Effective Cooling Function
For what concerns the radiative losses, as usual L r = n e n p Λ(T, Ξ) is the cooling rate per unit volume, but that we modified it to take in account the effect of the hydrogen photoionization:
where for the cooling law Λ • (T ) (erg cm 3 s −1 ) we follow the prescriptions of Mathews and Bregman (1978) , correcting a wrong sign of their formula:
.3547 × 10 −27 T for 10 4 K ≤ T ≤ 1.3 × 10 5 K, 2.1786 × 10 −18 T −0.6826 + 2.7060 × 10 −47 T 2.976 for 1.3 × 10 5 ≤ T ≤ 10 8 K;
and the bremsstrahlung branch is given by B • (T ) = Λ • (10 8 ) T /10 8 ≃ 2.5 × 10 −27 erg cm 3 s −1 .
The modification of the cooling function is required in case of a very high ionizing flux, such as that produced by the accretion phenomenon, because the effective cooling will results much smaller than that would be determined by the usual cooling function, due to the reduced contribution of line cooling. This is qualitatively described by the ionization parameter Ξ, defined as
where n γ is the number density of photons with an energy greater than the hydrogen ionization energy. The parameter Ξ can be easily derived in case of gray atmosphere by
where the dimensionless integral equals 47.813.
A.5. The Effective Gravitational Field
Photons emitted by the BH interacts with the surrounding gas not only by exchanging energy but also exchanging momentum. So in the momentum equation we have to take in account this phenomenon. This results in a modification of the effective gravity:
Note that, by imposing the vanishing of the effective gravitational field and assuming M (r) = M BH , one obtains the classical expression for the Eddington luminosity:
where for the frequency distribution (9) numerically one obtains C Edd = 0.214.
B. Numerical evaluation of L BH with t accr > 0
For the numerical computation of L BH , as anticipated in the previous Section, we have to use some approximation, in order to overcome the difficulty of using a very small grid spacing.
Let R 1 the nearest grid-point to the center, ρ 1 and v 1 respectively the density and the velocity of gas at this point, and t i+1 the present value of the time. We use the following approximation for the emitted luminosity:
where F BH (t ′ ) = −4πR 2 1 ρ 1 v 1 if v 1 < 0 and 0 otherwise. In this way we obtain an approximation for the accreting flow on the BH, that take in account the smooth release of gas introduced by its permanence on the accretion disk. For example, for a stationary accretion with F BH = F BH (0) one obtains L BH (t) = ǫc 2 F BH (0)[1 − exp(−t/t accr )], and for an impulsive accretion F BH = M accr δ(t), L BH (t) = ǫc 2 (M accr /t accr ) exp(−t/t accr ).
Equation (B1) is not in the best form for its numerical evaluation, because the integral has to be performed from the initial time, and so seems to be necessary the storage of the values of the integrand at any time, that in brief can exceed the memory of the computer. But after a rearrangement of the exponential one can prove the following identity: 
So, we can obtain an expression for L BH that require the storage of its last computed value only.
In the integration of the hydrodynamical equations, the integral over the time-step of equation (B2) 
During each time-step the function F BH is defined as the linear interpolation between its present and last value. So the integral can be expressed as combination of elementary functions, and the computer time required for its evaluation is negligible. Note. -All models in the table have LB = 5 × 10 10 L⊙, σ• * = 280 km s −1 , rc * = 350 kpc, rt = 63 kpc. The amount of dark matter is a free parameter, but its scale-length is fixed to r ch = 4.2rc * . ∆MBH is the accreted mass by the central BH in solar units at the end of the simulation, when t = 15 Gyr. Models #16,17 simulates the presence of a geometrically thin, optically thick accretion disk. Note. -Time averaged X-ray luminosity < LX > in the energy range 0.5 − 4.5 keV, in units of 10 40 erg s −1 , for all models in Table 1 with the same structural parameteres. Fig. 1 .-The time evolution of mass and energy budget of the RM. Masses are given in solar masses, mass rates in solar masses per year, and luminosity in erg per second. In panel a, the mass of gas inside r t (M gas , dotted line), and the mass accreted by the BH (M sink , solid line) are shown. In panel b the mass return rate from the stellar population (Ṁ * ) is represented by the dotted line, the rate of mass loss at the truncation radius r t (Ṁ out ) by the dashed line, and finally the BH accretion rate (Ṁ BH ) by the solid line. In panel c the short dashed and long dashed lines represent L SN and L grav , respectively. The solid line represents L X , the observable X-ray gas emission calculated inside r t and in the range 0.5-4.5 keV. L BH is represented by the dotted line.
In panel d we show the time evolution of the gas temperature (solid line, scale on the left axis) and density (dotted line, scale on the right axis) at 20 pc from the center. -The evolution of L BH and L X for models #1,2,3, from 9 Gyr (≃ t cc ) to 15 Gyr, sampled at time intervals of 1 Myr. The accretion efficiency in the three models is ǫ = (0.1, 0.01, 0.001), respectively. The various linetypes are the same as in Fig.1c . Fig. 5 .-The evolution of L BH and L X for models #4,5,6, from 4.2 (≃ t cc ) to 15 Gyr, sampled at time intervals of 1 Myr. The accretion efficiency in the three models is again ǫ = (0.1, 0.01, 0.001), respectively, but the dark matter halo is more massive (see Table 1 ). The various linetypes are the same as in Fig.1c . Fig. 6 .-The time evolution of L BH and L X for models #7,10,17, from 9 Gyr to 9.5 Gyr (upper, middle, and lower panels, respectively). All three model are characterized by ǫ = 0.1, and the various linetypes corresponds to those described in Fig.1 . In model #17, t accr = 10 4 T X . Fig. 7 .-The evolution of L BH and L X for the "ADAF" models #13,14,15, from 9 Gyr (≃ t cc ) to 15 Gyr, sampled at time intervals of 1 Myr. The accretion efficiency in the three models is ǫ = (0.1, 0.01, 0.001), respectively. The various linetypes are the same as in Fig.1c . 
